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(54) EXHAUST GAS TREATMENT SYSTEM OF PLASMA 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a plasma exhaust gas 
treating system suitable for an internal combustion engine 
provided with a fuel injection valve capable of injecting fuel in a 
cylinder. 

SOLUTION: This exhaust gas treatment system of plasma 
comprises an internal combustion engine 1 provided with a fuel 
injection valve 1 1 capable of injecting fuel in a cylinder; an 
exhaust gas treatment device 2 of plasma to treat exhaust gas 
from the internal combustion engine 1 by utilizing plasma; and 
an ECU 3 to control the internal combustion engine 1 and the 
plasma exhaust gas treating device 2. The ECU 3 comprises an 
exhaust gas component leading-through means 31 to detect or 
estimate a component amount in exhaust gas; and an auxiliary 
injection control means 32 to inject fuel, forming a reducing 
agent, in exhaust gas by the fuel injection valve 1 1 based on the 
lead- through value of the exhaust gas component leading- 
through means. Auxiliary injection of the fuel injection valve 1 1 
is controlled such that NOx in exhaust gas is high-efficiently 
treated by the exhaust gas treatment device 2 of plasma. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation, 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 
[Claim(s)] 

[Claim 1 ] In the plasma exhaust gas processing system of the internal combustion engine which had in the 
cylinder the fuel injection valve which can inject a fuel The plasma exhaust gas processor which processes 
the exhaust gas from the above-mentioned internal combustion engine using the plasma, The plasma exhaust 
gas processing system characterized by having an exhaust gas component derivation means to detect or 
presume the amount of components in the above-mentioned exhaust gas, and the subinjection control means 
which makes the fuel which serves as a reducing agent into exhaust gas based on the derivation value of the 
above-mentioned exhaust gas component derivation means inject from the above-mentioned fuel injection 
valve. 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the plasma exhaust gas processing system which was 
applied to the emission-gas-purification system for automobiles, especially used corona discharge (plasma). 
[0002] 

[Description of the Prior Art] From the former, corona discharge is performed in the emission containing 
nitrogen oxides (NOx), NOx is activated, and the technique of removing NOx is known by contacting this 
gas on adsorbent catalyst objects, such as an activated alumina. While NOx will be activated like the 
internal combustion engine with which the place was equipped with the fuel injection valve which can inject 
a fuel for example, in the cylinder if corona discharge is performed in this emission when the oxygen (02) 
concentration in exhaust gas becomes high, 02 is activated, and it may react with N dyad, and may be set to 
NO or N02, and the phenomenon in which NOx increases from the beginning may occur. 
[0003] In order to cope with such a phenomenon, the exhaust gas purification system which connected the 
hydrocarbon (HC) feeder with the exhaust pipe of the upstream of the purification unit to which corona 
discharge is made to perform is proposed by JP,6-10652,A. This HC feeder introduces a fuel from a fuel 
tank, and supplies this to the upstream of the above-mentioned purification unit as a reducing agent. In this 
system, HC is supplied from the above-mentioned HC feeder into emission with the 02 above high 
concentration, and since an intermediate product is generated before HC will be changed into C02, if this 
gas stream is made to produce corona discharge, this reacts with NOx and it is returned to N2, NOx is 
purified effectively. 
[0004] 

[Problem(s) to be Solved by the Invention] However, in the conventional exhaust gas purification system, 
since it is necessary to newly prepare piping for fuel tank connection which accompanies it, and piping for 
exhaust pipe connection of the purification unit upstream in HC feeder list, components mark increase, a 
system is complicated in connection with this, and there is a problem of becoming a cost rise. 
[0005] Therefore, the purpose of this invention solves the above-mentioned trouble, and is to offer the 
suitable plasma exhaust gas processing system for the internal combustion engine which had in the cylinder 
the fuel injection valve which can inject a fuel. 
[0006] 

[Means for Solving the Problem] The above-mentioned purpose is attained by the plasma exhaust-gas 
processing system equipped with the plasma exhaust-gas processor which processes using the plasma the 
exhaust gas discharged by the internal combustion engine which had in a cylinder the fuel injection valve 
which can inject a fuel, an exhaust-gas component derivation means detect or presume the amount of 
components in the above-mentioned exhaust gas, and the subinjection control means which make the fuel 
which serves as a reducing agent into exhaust gas based on the derivation value of the above-mentioned 
exhaust-gas component derivation means inject from the above-mentioned fuel injection valve. Here, as an 
exhaust gas component derivation means, when detecting the amount of components in exhaust gas, the 
sensor for an observation is used, for example, and when presuming the amount of components in exhaust 
gas, the map beforehand created by the service condition is used. 

[0007] Thus, since supply of HC is performed in this invention by constituting by the subinjection by the 
fuel injection valve, it is not necessary to prepare new equipment and new piping like before, and a cost rise 
can be controlled while complication of a system is avoidable. 
[0008] 

[Embodiment of the Invention] Drawing 1 is drawing showing one example of the plasma exhaust gas 
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processing system concerning this invention. This system is equipped with the plasma exhaust gas processor 
2 which processes the internal combustion engine 1 with which a fuel is injected in a cylinder, and the 
exhaust gas discharged by this internal combustion engine 1 using the plasma as shown in drawing, and the 
electronic control (ECU) 3 which grasps the situation of exhaust gas and controls an internal combustion 
engine's 1 actuation. 

[0009] Here, an internal combustion engine 1 equips the cylinder head with a fuel injection valve 1 1 and an 
ignition plug 12. It connects with the fuel tank through the fuel pipe which is not illustrated, and direct 
injection of a fuel of a fuel injection valve 1 1 is enabled in the cylinder by the signal from ECU3. An 
ignition plug 12 is also lit by the signal from ECU3. As the suction port 13 is formed in the abbreviation 
erection direction of the cylinder head and it is open for free passage with other suction ports on the other 
hand, it connects with an inlet manifold 14. Moreover, the exhaust air port 15 is formed in the abbreviation 
horizontal direction of the cylinder head, and as open for free passage with other exhaust air ports, it 
connects with an exhaust manifold 16. 

[0010] The plasma exhaust gas processor 2 is equipped with the plasma coil 21 and the high-voltage 
transformer assembly 22, the end is connected with an exhaust manifold 16 through an exhaust pipe 17, and 
the other end is connected to the muffler which is not illustrated. The plasma coil 21 has like illustration the 
1 st and 2nd plate electrodes 23 and 24 which formed the electrical conducting material in the shape of a 
mesh, and it fills up with the catalyst 25 between two electrodes. And the output of a high-voltage 
transformer assembly 22 is connected to the 1st plate electrode 23, and the 2nd plate electrode 24 is 
grounded. Moreover, a catalyst 25 consists of matter effective in reduction removal of nitrogen oxides, for 
example, mordenite. 

[001 1] By a diagram, the sensor 26 for surveying the various amounts of components in exhaust gas to the 
exhaust pipe 17 of the upstream of the plasma exhaust gas processor 2 is formed. However, this sensor 26 is 
not necessarily required so that it may mention later. 

[0012] Although ECU3 is equipped with various kinds of control means which are not illustrated here, it is 
equipped with the exhaust gas component derivation means 31 and the subinjection control means 32 in 
connection with this invention. The exhaust gas component derivation means 31 detects or presumes the 
amount of components in exhaust gas, and derives an exhaust gas component. Here, in presumption, the 
map beforehand created by an internal combustion engine's 1 service condition is used using the value 
surveyed by the sensor 26 which prepared in the exhaust pipe 1 7 in detection. In the case of the latter, the 
sensor 26 is unnecessary. On the other hand, the main-injection control means 33 which performs fuel 
injection (main injection) which the subinjection control means 32 mainly contributes to an output is 
established separately, and it can shift a stage and makes the fuel which serves as a reducing agent into 
exhaust gas based on the derivation value of the exhaust gas component derivation means 31 inject from a 
fuel injection valve 1 1 (subinjection). 

[0013] If the exhaust gas which contained NOx from the internal combustion engine 1 is discharged by the 
system constituted in this way now, according to the signal from ECU3, as for the plasma exhaust gas 
processor 2, NOx in exhaust gas will be activated within the plasma coil 21 . This activation is performed by 
forming the plasma state between the 1st and 2nd plate electrodes 23 and 24 using a high-voltage 
transformer assembly 22, applying the high voltage. When the activation gas by this contacts a catalyst 25, 
NOx is removed, but since 02 is activated and this reacts with N2 when 02 concentration in exhaust gas is 
high, NOx may not decrease. In such a case, according to the signal from ECU3, subinjection is performed 
more nearly separately from the main injection than a fuel injection valve 11, and supply of the fiiel (HC) 
which serves as a reducing agent into exhaust gas is performed. Since an intermediate product is generated, 
this reacts with NOx and it is returned to N2 by this before HC is changed into C02, NOx will be purified 
effectively. 

[0014] Here, the amount of the subinjection by the fuel injection valve 1 1 can be fluctuated to the optimal 
value according to the amount of HC, CO, and H2 in the exhaust gas before subinjection. For example, 
before subinjection, when there is much HC, the subinjection quantity is lessened, and when there is little 
HC conversely, the subinjection quantity is made [ many ]. The amount of HC, CO, and H2 in exhaust gas is 
calculated from the value in the map corresponding to a service condition as an approach which surveys by 
the sensor 26 as mentioned above as an approach of detecting, or is presumed. Next, the stage of the 
subinjection by the fuel injection valve 1 1 is explained compared with the case of the main injection. 
[0015] It is drawing in which drawing 2 (a) shows the stage of the main injection of a fuel injection valve, 
and (b) shows the stage of subinjection, respectively. This example shows the actuation stroke of a four 
stroke cycle engine, like illustration, the main injection M is performed in the second half of a compression 
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stroke, and, as for the subinjection S, a second half - exhaust air line is performed in the first half like an 
expansion line. Although the fuel by the main injection is discharged by combustion as exhaust gas here, the 
fuel by subinjection is sent to the plasma exhaust gas processor 2 through an exhaust pipe 17 as a reducing 
agent with the exhaust gas produced by the main injection. 

[0016] The stage of subinjection can be changed according to the plasma state of the plasma exhaust gas 
processor 2. For example, with the weak plasma, fuel injection timing is advanced like subinjection S+ 
shown in drawing 2 (b), and the oxidizing power of HC by the low battery of supply voltage etc. burns a 
half, and makes the fuel by subinjection a condition. HC this is easy to decompose can be supplied to the 
plasma exhaust gas processor 2. On the other hand, with the strong plasma, the oxidizing power of HC by 
the high voltage of supply voltage etc. delays fuel injection timing like subinjection S- shown in this 
drawing, and makes the fuel by subinjection very few conditions [ be / or / no combustion ]. HC which 
stopped the ease of decomposing by this can be supplied to the plasma exhaust gas processor 2. Therefore, 
extent of the ease of decomposing of HC can be changed by changing subfuel injection timing. 
[0017] Thus, in this invention, the fuel by subinjection can be used effective in reduction of NOx in the 
plasma exhaust gas processor 2 by adjusting the amount or stage of subinjection by the fuel injection valve. 
Moreover, since it is supplied to a plasma exhaust gas processor, the fuel used as a reducing agent being 
used as the condition that a reducing agent (HC) is easier to be decomposed by hot exhaust gas since it is 
supplied in an internal combustion engine, it can acquire very high purification effectiveness. Furthermore, 
since the system concerning this invention can perform supply of a reducing agent only by the change of 
control, it does not need to give new piping like before and is advantageous in cost. In addition, in the 
above-mentioned example, although the gasoline engine was explained to the example, it is applicable also 
to a diesel power plant. 
[0018] 

[Effect of the Invention] According to this invention, the suitable plasma exhaust gas processing system for 
the internal combustion engine which had in the cylinder the fuel injection valve which can inject a fuel can 
be obtained. 



[Translation done.] 
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[Drawing 1] 
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